PREFACE
Coal has been and will continue to be a major source of energy in the United States for the foreseeable future. Surface mining is presently the most efficient method of extracting coal. This mining practice, however, usually has a detrimental effect on the environment by altering topography and ecologic systems. Surface coal mining also can degrade surface-and ground-water quality and quantity.
In 1977, the United States Congress passed the Surface Mining Control and Reclamation Act , which requires that extensive hydrologic information be collected before granting permits that authorize coal mining. Permit applications must include a description of the quality and quantity of surface-and ground-water resources at and near the proposed mine and an assessment of the probable hydrologic effects of mining. The Act also requires that the regulatory authority, which can be either a State agency or the U.S. Office of Surface Mining, determine the cumulative hydrologic effects of coal mining. Detailed hydrologic information for small watersheds in a coal-mining region is usually sparse.
The U.S. Geological Survey began a study in 1979 to identify changes in the quantity of surface-and ground-water resources caused by surface coal mining in Indiana. As part of this study, six small watersheds in west-central Indiana were instrumented for the collection of hydrologic and meteorologic data. This Water-Supply Paper comprises of two reports resulting from this investigation. The physical environment and coal mining history of west-central Indiana and the six small watersheds selected for intensive study are described in chapter A. The surface-and ground-water systems of each of the small watersheds and the hydrologic effects of coal mining and reclamation are described in chapter B.
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METRIC CONVERSION FACTORS
For readers who wish to convert measurements from the inch-pound system of units to the metric system of units, the conversion factors are listed below:
Multiply
By To obtain inch (in.) 25.4 foot (ft) .3048 mile (mi)
1.609 foot per mile (ft/mi)
.1894 acre 4,047 square mile (mi2 ) 2.590 inch per year (in/yr) 2.54 foot per day (ft/d) .3048 gallon per minute (gal/min) 3.785 million gallons per day (Mgal/d) .04381 ton, short (2,000 pounds)
.9072 pound per cubic foot (Ib/ft3 ) .01602 degree Fahrenheit (°F) 5/9(°F-32) 
ALTITUDE DATUM
National Geodetic Vertical Datum of 1929 (NGVD of 1929 : A geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929. van, and Vigo Counties in Indiana. Site-specific information is given on the morphology, geology, soils, land use, coal-mining history, and hydrologic instrumentation of the six watersheds, which are each less than 3 square miles in area.
West-central Indiana is underlain by coal-bearing Pennsylvanian rocks. Nearly all of the area has been glaciated at least once and is characterized by wide flood plains and broad, flat uplands. Most of the soils have formed in loess or in loess overlying Illinoian till. The Wabash, White, and Eel Rivers are the major drainages in west-central Indiana. Average annual precipitation is about 39.5 inches per year, and average annual runoff is about 13 inches per year. The most productive aquifers are confined or unconfined outwash aquifers located along the major rivers. Bedrock aquifers are regionally insignificant but are the sole source of ground water for areas that lack outwash, alluvium, or sand and gravel lenses in till.
Indiana has more than 17 billion short tons of recoverable coal reserves; about 11 percent can be mined by surface methods. Almost half of Indiana's surface reserves are in Clay, Owen, Sullivan, and Vigo Counties. More than 50,000 acres in west-central Indiana were disturbed by surface coal mining from 1941 through 1980.
Big Slough and Hooker Creek are streams that drain unmined, agricultural watersheds. Row-crop corn and soybeans are the principal crops. Soils are moderately well-drained silt loams, and the watersheds have welldeveloped dendritic drainage systems.
The unnamed tributary to Honey Creek and the unnamed tributary to Sulphur Creek are streams that drain Manuscript approved for publication March 26, 1987. mined and reclaimed watersheds. Ridges of nvne spoil have been graded to a gently rolling topography. Soils are well drained and consist of 6 to 12 inches of silt-loam topsoil that was stockpiled and then replaced over shale and sandstone fragments of the graded mire spoil. Grasses and legumes form the vegetative cover in each watershed.
Pond Creek and the unnamed tributary to BIT Branch are streams that drain mined and unreclaimed watersheds. Approximately one-half of the Pond Creek watershed is unmined, agricultural land. Soils are very welldrained shaly silty loams that have formed or steeply sloping spoil banks. Both watersheds contain numerous impoundments of water and have enclosed areas that do not contribute surface runoff to streamflow. The ridges of mine spoil are covered with pine trees, but much of the soil surface is devoid of vegetation.
INTRODUCTION
This report describes the physical and hurran environment and coal-mining history of west-central Indiana, with emphasis on six small watersheds selected for study of the hydrologic effects of surface coal mining. The report summarizes information on the geology, geomorphology, soils, climate, hydrology, water use, land use, population, and coal-mining history of Clay, Owen, Sullivan, and Vigo Counties in Indiana. Site-specific information is given on the morphology, geology, soils, land use, corJ-mining history, and hydrologic instrumentation of the six watersheds that were selected for intense study. The watersheds include mined and unreclaimed, mined and reclaimed, and unmined agricultural land uses and are each less that 3 mi2 (square miles) in area. The descriptive information allows the reader to (1) understand the physical condit; ons that influence watershed hydrology, (2) compare the physical conditions among watersheds, and (3) compare tl * physical and human environment in west-central Indianr to those in other areas of interest.
DESCRIPTION OF PHYSICAL ENVIRONMENT AND COAL-MINING HISTORY OF WEST-CENTRAL INDIANA
The area selected for study encompasses Clay, Owen, Sullivan, and Vigo Counties in west-central Indiana ( fig.  1 ). These counties are in the northern, glaciated part of the Indiana coal-mining region.
Physical Environment

Geology
The stratigraphic nomenclature used in this report is from Shaver and others (1986) . The nomenclature, especially for members, formations, and groups, conforms with the current usage of the Indiana Geological Survey.
Most of the commercially important coal members in Indiana are identified by Roman numerals. The Roman numerals indicate the relative stratigraphic positions of the coal members. This method of identification is commonly used in the coal-mining industry and is included in this report to assist these readers. The evolution of Pennsylvanian rock-unit nomenclature in Indiana is discussed in Gray (1979, p. K3-K5) .
Bedrock
West-central Indiana is underlain primarily by rocks of Pennsylvanian age, and the eastern part of the study area is underlain by rocks of Mississippian age. Both the Pennsylvanian and Mississippian rocks were deposited on the western flank of the Cincinnati arch, a broad, gentle structural rise bordering the Illinois Basin, a structural sedimentary basin ( fig. 2) (Gray, 1979, p. K9) . These sedimentary rocks are nearly flat deposits that dip southwest at 20 to 30 ft/mi (feet per mile) toward the Illinois Basin ( fig. 3 ). The basin has had little structural disturbance during the last half billion years.
Pennsylvanian rocks are composed of cyclic sequences of dominantly clastic shales, siltstones, and sandstones intermixed with thin, widespread beds of coal, limestone, and black shale ( fig. 4) (Gray, 1979, p. Kl) . These sequences indicate fluctuating shorelines, deltas, and shallow seas. Most of the rocks were deposited in deltaic, fluvial, and occasionally coal-swamp environments (Gray, 1979, p. K6) . Pennsylvanian rocks are variable in thickness and continuity.
Mississippian rocks unconformably underlie Pennsylvanian rocks and form the bedrock in central and eastern Owen County. The Stephensport and West Baden Groups compose the upper part of the Mississippian rocks and consist of cyclic sequences of limestone, sandstone, and shale ( fig. 5) (Gray, 1979, p. K3) . These rocks crop out in central Owen County (fig. 2) . The Blue River and Sanders Groups compose the middle part of the Missifsippian rocks and crop out in eastern Owen County. These rocks are almost entirely marine limestones of various textures. Rocks of the Borden Group form the bedrock in eastern Owen County. These Lower Mississippian rocks are predominantly resistant siltstones and soft shale?.
The coal-producing area of southwestern Indiana is underlain by Pennsylvanian rocks and includes approximately 6,500 mi2 about one-sixth of the Stage's total area (Wier, 1973, p. 4) . Coal is found in at leas* 45 different stratigraphic positions in Indiana but constitutes only about 3 percent of the Pennsylvanian rocks (Wier, 1973, p. 4, 7) . Some coal is produced from the Raccoon Creek Group, primarily from the Seelyville Coal Member (III) of the Staunton Formation and from the Minshall, Upper Block, and Lower Block Coal Members of the Brazil Formation ( fig. 4) . Most of the other coal members in the Raccoon Creek Group are thin and discontinuous. The McLeansboro Group has no commercially minable coal beds. The Carbondale Group contains the thickest, the most extensive, and, therefore, the most commercially important coal beds. The most commonly mined coal members in tH Carbondale Group are the Survant Coal Member (IV) of the Linton Formation, the Springfield Coal Member (V) of the Petersburg Formation, and the Hymera (VI) and Danville (VII) Coal Members of the Bugger Formation (figs. 2,4).
All Indiana coals are ranked as high-volatile bituminous coal (Wier, 1973, p. 14) . Analysis of the coals shows considerable variation in Btu (British thermal unit) ratings and percentages of sulfur and ash. The average Btu per pound for the commercial coal beds is 11,105; the maximum is 11,615, and the minimum is 10,310. The average sulfur content (in percent) is 2.98; the maximum is 6.06, and the minimum is 1.16. The average ash content (in percent) is 10.5; the maximum is 17.9, and th? minimum is 6.3 (Wier, 1973, table 2, p. 16 ).
Surficial Deposits
At least three separate glacial advances during the Pleistocene Epoch covered parts of the study area, and all but a small part of southwestern Owen County has been glaciated at least once. The Illinoian glaciation was the second and most extensive glacial advance. The Illinoian glaciation covered most of the study area wMi ice-laid till deposits and buried Kansan drift from a previous glaciation. The Wisconsin glaciation covered only a small part of northwestern Vigo County, and this glacial boundary forms the southern limit of the Tipton Till Plair geomorphic province ( fig. 6 ).
The result of these glacial episodes is a blanket of drift in the study area ranging in thickness from less than 50 ft to more than 100 ft (Purdue University Water Resources Research Center and Geosciences Research Associates, Inc., 1980, pi. 6 sand and loess covers the till deposits east of the Wabash and Eel Rivers. Postglacial lake deposits composed of clay, River. Recent alluvial deposits are found in the flood plains silt, and sand are found in some stream valleys adjacent to of the major rivers and streams, especially the Wabash the Eel River. 
Description of the Physical Environment and
Geomorphology
Clay, Owen, Sullivan, and Vigo Counties contain five distinct geomorphic units ( fig. 6 ). The Wabash Lowland is the most extensive unit, covering all of Sullivan County, most of Clay and Vigo Counties, and part of southwestern Owen County. The Crawford Upland occupies eastern Clay and central Owen Counties. The Mitchell Plain and, to a smaller extent, the Norman Upland are present in eastern Owen County. The Tipton Till Plain occupies a small part of northwestern Vigo County.
The Wabash Lowland is a lowland area having wide, flat flood plains as the most common feature. Most of the bedrock is composed of soft shales and siltstones of the Pennsylvanian Period, covered by glacial deposits of Illinoian age. Most major stream valleys were once narrow bedrock valleys, but these have been filled with glacial and lake deposits of the Pleistocene Epoch. The upland areas are broad, rolling plains having slight slopes. The Wabash Lowland has an average altitude 1 of 500 ft above the 'Altitude in this report refers to the distance above or below the National Geodetic Vertical Datum of 1929.
National Geodetic Vertical Datum of 1929 (NGVD of 1929) . The altitude is approximately 30 to 400 ft b^low the crest of the Crawford Upland (Schneider, 1966, p. 48, 49) .
The Crawford Upland is an upland area having well-developed dendritic drainage patterns. The topography is controlled by westward-sloping, resistant sandstone beds of the Pennsylvanian Mansfield Formation and resistant limestone beds of the Upper Mississippian Series. The sandstone and limestone beds form narrow, flaMopped ridges. The sides of the ridges slope sharply tovard the stream valleys, and the ridgetops are as much a<> 350 ft above the narrow flood plains. Flood plains are usually the only level land in the area. The Crawford Upland contains deposits from the Illinoian glaciation of the Pleistocene Epoch; consequently, the topographic relief is less than that in unglaciated southern Indiana (Schneider, 1966, p. 48) .
The Mitchell Plain is an area of low relief that has formed on middle Mississippian limestones. Trris karst plain has numerous sinkholes and solution feature-^ and is characterized by discontinuous surface streams having subterranean drainage.
The Norman Upland is topographically simihr to the Crawford Upland and has formed on resistant siltstones and shales of the Borden Group of the Lower Mississippian (Schneider, 1966, p. 50) .
Soils
At least five major groups of soils, distinguished primarily by parent material, are in the study area (Montgomery, 1974, p. 2-4; McCarter, 1982, p. 5-10) . The parent materials are (1) thick loess, (2) a layer of loess and the underlying loamy Illinoian till, (3) windblown sandy material, (4) alluvium, and (5) spoil from surface coal mines. Soils formed in thick loess, loess over till, and mine spoil are on uplands. Soils formed in windblown sandy material are mostly in a narrow, discontinuous band on upland ridgetops and breaks along the Wabash River in Sullivan and Vigo Counties. Alluvial soils are on flood plains along the Wabash and Eel Rivers and their tributaries.
Soils formed entirely in thick loess are the most common in the study area and are best represented by the Alford, Iva, and Cory series. These deep soils formed in about 5 to more than 10 ft of loess. The well-drained Alford soils are moderately permeable and are on hill slopes ranging from 2 to 40 percent. The somewhat poorly drained Iva and Cory soils are on nearly level to gently sloping uplands. Iva soils are moderately permeable, and Cory soils are slowly permeable. Available water capacity of Iva and Cory soils is high. Loess soils typically have silt loam A horizons and silty clay loam or silt loam B horizons.
Soils formed in loess and the underlying drift are best represented by the Cincinnati, Ava, and Vigo series. The loess is predominantly 20 to 60 in. (inches) thick. In the study area, the well-drained Cincinnati soils are on hill slopes ranging from 6 to 12 percent; the moderately well-drained Ava soils are on hill slopes ranging from 2 to 6 percent, and the poorly or somewhat poorly drained Vigo soils are on upland flats having 0-to 2-percent slopes. Soils formed in loess and drift have silt loam A horizons and predominantly silty clay loam upper B horizons. The lower part of the B horizon is clay loam or loam in some places. Both the Cincinnati and Ava series have a moderately slowly or slowly permeable fragipan beginning at a depth of about 30 in. The Vigo soils do not have a fragipan but have a very firm and very slowly permeable subsoil at a depth of about 20 in. These soils are moderately permeable in the A horizon and in the upper part of the subsoil.
Soils formed in windblown sandy material are represented by the Princeton and Ayrshire series. These soils formed in windblown sands and silts on uplands east of the Wabash River valley. Ayrshire soils are on nearly level uplands, whereas Princeton soils are on uplands having slopes ranging from 2 to 25 percent. Princeton soils are well drained, while Ayrshire soils are somewhat poorly drained. These soils are moderately permeable in the subsoil and very permeable in the underlying material. Fairpoint soils formed in spoil from surface coal mines. Fairpoint soils are a heterogeneous mixture of loess, loamy glacial drift, masses of soil, and fragments of bedrock. Fairpoint soils are classified into two map units: FcB, a shaly silt loam formed on 0-to 8-percent slopes, and FcG, a shaly silty clay loam formed on 33-to 90-percent slopes.
Fairpoint FcB has a shaly silt loam surface layer and a shaly or very shaly silt loam subsoil to a depth of about 60 in. FcB is a deep, well-drained soil on slopes ranging from 0 to 8 percent. Available water capacity is moderate; permeability is moderately slow, and surface runoff is medium to rapid. In a few areas, the mine spoil has been graded, and as much as 36 in. of silt loam has been spread over the spoil. Sandstone and shale fragments are common in the subsoil and are widely scattered on the surface. FcB is most commonly found in surface mines reclaimed according to the Indiana Surface Mine Reclamation Act of 1967.
Fairpoint FcG has a shaly silty clay loam surface layer. The subsoil is very shaly silty clay loam to a depth of about 24 in., but from 24 to 60 in., the subsoil is partially weathered, soft shale fragments. FcG is a de?p, welldrained soil on slopes ranging from 33 to 90 percent. Available water capacity is moderate; permeabilit;' is moderately slow, and surface runoff is very rapid. This soil consists of ungraded spoil in banks 15 to greater than 40 ft high. Sandstone and shale rocks are common on tl <? surface and in the subsoil. FcG is typical of the soil found in unreclaimed surface mines.
Climate
Indiana has a continental climate and highly variable weather influenced by the interaction of cold polav air from the north and warm gulf air from the south. These air massses generally move in an easterly direction rcross the State.
Climatic data from the National Weather Service at Terre Haute were analyzed for the period from in/yr (inches per year) and ranged from 27.9 to 56.2 in/yr. July is usually the wettest month (4.6 in. of precipitation), and February is usually the driest month (2.1 in. of precipitation) ( fig. 7 ) (U.S. Department of Commerce, 1955-82) . Summer rains often originate from thunderstorms. Thunderstorms can be severe and are quite local. Rain falling at other times of the year is typically from frontal systems that are less intense than thunderstorms and extend over larger areas. Twenty-four-hour rainfall intensities for the study area range from about 2.5 in.
(1-year recurrence interval) to about 5 in. (25-year recurrence interval). One-hour rainfall intensities range from about 1.2 in.
(1-year recurrence interval) to 2.4 in. (25-year recurrence interval) (Hershfield, 1961) . The mean annual temperature at Terre Haute is 52.4 °F (degrees Fahrenheit). July is usually the warmest month (75.4 °F), and January is usually the coldest month (25.0 °F) ( fig. 8 ). Temperatures can exceed 95 °F during the summer and can drop below 0 °F during the winter.
Free-water-surface evaporation in the study area averages about 34 to 36 in. annually or about 26 to 28 in. for May through October (Farnsworth and others, 1982 , maps 2, 3). Free-water-surface evaporation is commonly used as a measure of potential evapotranspiration (Farnsworth and others, 1982, p. 1) . Maximum potential evapotranspiration occurs during June or July, and the minimum occurs during December or January. third of Owen County before its confluence vith the White River. The White River drains eastern Owen County through minor tributaries.
Of the average 39.5 in/yr of precipitation in the area, approximately 13 in. runs off (C.G. Crawford and L.J. Mansue, U.S. Geological Survey, written commun., 1984) . However, runoff from areas containing surface-mined land can exceed this amount. Average monthly runoff for two small watersheds in the study area West Fork Busseron Creek and Mud Creek is shown in figure 9 . West Fork Busseron Creek near Hymera (14.4 mi2 in area) is not affected by mining, and annual runoff averages 13 in. Mud Creek near Dugger (11.9 mi2 in area) is higl ly affected by past mining, and annual runoff averages 16.5 in/yr, about 3.5 in/yr more than that from West Fork Busseron Creek. The highest mean monthly flow for both creevs is in March, the lowest in October. Although the highest mean monthly flows are from March through May whei spring rains
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Ground Water
Sources of ground water in the study area are Holocene alluvium, unconsolidated sand and gravel deposits of the Pleistocene Epoch, and bedrock of Pennsylvanian and Mississippian age. Alluvium is found with the glacial outwash in river valleys or as flood-plain deposits along small streams. Unconsolidated sands and gravels are found as outwash from glacial meltwater or as lenses in the clayey till.
The most extensive and productive aquifer in westcentral Indiana is composed of sand and gravel outwash along the Wabash River ( fig. 10 ). This aquifer is unconfined near the Wabash River but is confined by Illinoian till in other areas. Saturated thickness in the unconfined part of the outwash aquifer can exceed 100 ft. Another extensive outwash aquifer, entirely confined by Illinoian till, occurs along the Eel River. Hydraulic conductivity is approximately 180 ft/d (feet per day) for the unconfined aquifers and approximately 83 ft/d for the confined aquifers (Cable and others, 1971, table 2) . Recharge occurs by downward percolation of precipitation, and flow is toward the rivers, where ground water is discharged.
Bedrock aquifers of Pennsylvanian and Mississippian age are regionally insignificant but are the sole source of ground water for areas where glacial outwash, alluvium, or sand and gravel lenses are absent. Wells completed in bedrock supply only enough water for domestic or farm use. Most wells produce less than 20 gal/min (gallons per minute) ( fig. 10 ). The average well depth is slightly less than 200 ft, and the maximum depth is 400 ft (Bechert and Heckard, 1966, fig. 27, p. 108) .
Water Use
Twenty-eight public water supply utilities served approximately 110,600 people, or about 63 percent of the population of the study area, in 1980 (Indiana Department of Natural Resources, 1982b, p. 2, 13, 54, 65, 69) . Only 16 of the 28 public water supply utilities actually produced water. The other 12 utilities purchased water from one of the producing utilities. All of the producing utilities except the Terre Haute Water Company pumped 100 percent of their water from ground water. In 1980, the Terre Haute Water Company pumped 30 percent of its 9.0 Mgal/d (million gallons per day) average daily use from the Wabash River and 70 percent from ground water. Total average daily use for public water supply in the four-county area was approximately 13.2 Mgal/d in 1980 (table 1) .
Both the average daily use and the population served by public water supply utilities increased from 1975 to 1980 (table 1) . This trend agrees with an observation of the Governor's Water Resource Study Commission that Indiana counties having limited ground-water resources will show rapid growth of public supply systems until 80 to 90 percent of the county is served (Governor's Water Resource Study Commission, 1980, p. 56) .
No data for industrial self-supplied water use have been published at the county level; however, some data are published at the regional level. Industrial self-supplied water use was 34. Commission, 1980, p. 294 ). An additional 980-MW station under construction in Sullivan County will have a cooling pond system that will require 21.3 Mgal/d of water from the Wabash River.
Two coal preparation plants in Clay anc1 Sullivan Counties each use less than 1 Mgal/d for was! ing coal. Surface water stored in final-cut lakes is the sourc* of water for use in the preparation plants.
Land Use
Row-crop agriculture and pasture are the predominant land uses in Clay, Sullivan, and Vigo Counties, but forest is the predominant land use in Owen County. Over two-thirds grasses. Much of the forest is on steeply sloping uplands or of the land in the study area is used for agriculture, while near streams in the lowlands. Red oak, white oak, hickory, only one-fourth of the land is in forest (table 3) .
tulip poplar, and sugar maple are predominant in the upland The major cultivated crops are corn, soybeans, and forest, and pin oak, silver maple, slippery elni, and sweetwheat; the major forage crops are clover, alfalfa, and gum are predominant in the lowland forest. 
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Population
The total population of Clay, Owen, Sullivan, and Vigo Counties was 174,195 in 1980 (table 4) . Vigo County, the most populated county, constituted over 64 percent of the total population of the study area. Owen County, the least populated county, composed only about 9 percent of the total population. Although the total population of the study area increased 2.9 percent from 1960 to 1970 and 2.2 percent from 1970 to 1980, no trend in population is apparent at the county level.
Almost 52 percent of the total population resided in cities and towns of more than 2,500 people in 1980, down more than 3 percent from the number of urban residents in 1970 (table 5) . Vigo County, which contains Terre Haute, the largest city in the region, had the largest population of urban residents (66.5 percent) in 1980. Only 17.2 percent of the population of Owen County were urban residents in 1980. No trend in urban population was evident at the county level, but rural population increased at least 7.4 percent from 1970 to 1980 in each of the four counties (table 5) .
Coal-Mining History Methods and Regulations
Underground and surface methods have been used to mine coal in Clay, Owen, Sullivan, and Vigo Counties. Underground methods are used primarily where the coal seam is more than 100 to 150 ft below land1 surface. Underground mines are classified by the type of entrance (either drift, slope, or shaft) and by the memo! of coal removal (either conventional or continuous) (Illirois Basin Coal Planning Assistance Project, 1983a, p. 25, 28) . Drift mines are typically the shallowest underground mines and intersect the coal seam more or less horizontally at the outcrop. Access to the coal seam in slope mines is gained through an inclined shaft. Shaft mines are typ; cally the deepest underground mines, and access to the coal seam is by a vertical shaft.
The room-and-pillar method is an exarnle of a conventional underground mining method. About half of the coal is removed in a pattern of small areas or tunnels (rooms), and the remaining coal (pillars) supports the overlying strata. The longwall method is an example of a continuous underground mining method. Large areas are mined by a self-propelled machine that supports the overlying strata and extracts all of the coal. As mining progresses, the overlying strata are allowed to collapse in the mined-out areas. Extensive areas in northwestern Vigo County and east-central Sullivan County, in addition to numerous smaller areas in northern Clay County, have been mined for coal by underground methods ( fig. 11) .
Surface methods are used where the coal seam is within 100 to 150 ft of the surface. Area, contour, and auger Description of the Physical Environment and Coal-Mining History of West-Central Indiana A13 'Places having a population greater than 2,500 inhabitants. 2Places having a population less than or equal to 2,500 inhabitants.
are three types of surface-mining methods. Contour and auger methods are used primarily in rugged terrain. Nearly all of the coal mined by surface methods in the study area has been mined by the area method. Area mining begins by clearing woody vegetation and by removing and stockpiling topsoil from the land where the initial cut will be made. The initial cut, or pit, is approximately 100 ft wide, can be more than 1 mi long, and is located where the coal is closest to the land surface. The long dimension of the pit is aligned parallel to the strike of the coal seam, and mining progresses down the dip of the coal seam. Consolidated strata in the overburden are fractured and loosened by explosives placed in holes drilled into the strata. Overburden is removed from the pit by draglines or stripping shovels and is placed in piles adjacent to the pit, opposite the direction of mining. Overburden that has Hen removed and redeposited is termed spoil. As overburden is removed, coal is exposed, and front-end loaders or small shovels load coal into haul trucks for removal. After the initial cut is completed and the coal has been removed, another cut is started downdip of the initial cut. Overburden is removed from the second cut and placed in the initial cut. This procedure is repeated and results in a series of parallel cuts, to the approximate original contour, topsoil is replaced, and each filled with the spoil from the subsequent cut. The vegetation is reestablished. procedure stops when mining is no longer feasible, and the Early surface and underground mines caused a wide final cut is usually allowed to fill with water. In compliance variety of environmental problems (Illinois Basin Coal with current reclamation regulations, spoil banks are graded Planning Assistance Project, 1983b with underground mines include land-surface subsidence, acid mine drainage, and open mine shafts. Problems associated with surface mines include acid mine drainage, erosion, sedimentation, and disturbed or barren landscapes. To balance the need for coal and the effects of mining on the environment, legislators have developed controls over mining activities. Regulations have been directed primarily at surface-mining methods.
The Nation's second surface coal-mining law was passed by the Indiana Legislature in 1941. The law required coal-mine operators to obtain a permit, post a reclamation bond, and revegetate the spoil banks with trees, shrubs, or grasses. The law was amended in 1951 to require mine operators to "strikeoff' the tops of the spoil banks to a minimum width of 8 ft. In 1967, a new surface-mining law was passed that increased fees and penalties. Operators were required to submit a reclamation plan with the mining permit application and to reduce ridges and diminish depressions to create a rolling topography. The degree of grading of the mine spoil was dependent upon the intended postmining land use. Maximum slopes of 33.3 percent were allowed for forest and range, 25 percent for pasture, and 8 percent for row-crop agriculture.
The United States Congress passed the Surface Mining Control and Reclamation Act (SMCRA, Public Law 95-87) in 1977. This was the first Federal law to regulate coal-mine reclamation. Some of the stated purposes of the Act are to 1. "establish a national program to protect society and the environment from the adverse effects of coal mining;" "prohibit mining where reclamation as required by the Act is not feasible;" "assure that reclamation occurs as contemporaneously as possible with mining;" "strike a balance between protection of the environment and agricultural productivity and the assurance of adequate coal production;" 2.
3.
4.
5. "assist the States in developing, administering, and enforcing regulatory programs which achieve the purposes of the Act;" 6. "achieve reclamation of areas previously mined;" and 7. "provide appropriate procedures for public participation in the development of regulations, standards, and programs under SMCRA" (U.S. Department of the Interior, 1979, p. AII-2). Protection of surface-and ground-water systems is emphasized in the regulations implementing SI 1CRA. Minimum performance standards are specified for the protection of the hydrologic balance during exploration, mining, and reclamation. Extensive hydrologic informal'on must be obtained before mining permits are authorized. Permit applications must include descriptions of the quality and quantity of surface and ground water, including seasonal variations, both at the mine and in surrounding areas. Permit applications also must include a determination of the probable hydrologic effects of mining and reclamation. In addition, the cumulative hydrologic effects of mining must be determined by the regulatory authority.
Reserves and Production
Indiana has 17,133,966,000 short tons cf recoverable coal reserves (Illinois Basin Coal Planning Assistance Project, 1983a, fig. 7-18, p. 173) . Of tl «. total coal reserves, 11.3 percent can be mined by surface methods, and 88.7 percent can be mined by underground methods. Clay, Owen, Sullivan, and Vigo Counties have 45.6 percent of Indiana's surface reserves and 34.1 percent of Indiana's underground reserves (table 6). Of the total coal reserves in the study area, 14.5 percent can be mined by surface methods.
Coal was first mined in the study area in 1838 near Lewis and Farmersburg in Sullivan Courty and near Seelyville and Riley in Vigo County ( fig. 1 ). In 1852, Block coal was mined near Brazil and near Carbon in Clay
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After the initial and brief use of surface-mining methods in the mid-1800's, nearly all Indiana coal was mined by underground methods until World War I (Powell, 1972, fig. 9 , p. 10). The proportion of coal mined by surface methods gradually increased after World War I, until World War II when surface production equaled underground production (Watson, 1983, p. 13) . In 1982, coal mined by surface methods accounted for 98.4 percent of Indiana's total coal production (Indiana Coal Association, 1983). The projected proportion of Indiana coal mined by surface methods for the year 2000 ranges from 52 to 68 percent of the total Indiana coal production (Willard and others, 1980, table 8-1, p. 62) .
Total coal production in the study area by both surface and underground methods was 614,397,000 short tons by 1982 (table 7) . This tonnage represents 37.3 percent of Indiana's total coal production from 1812 to 1982. Coal produced in the study area constituted over half of the total coal production in Indiana from 1851 to 1900. The contribution of the study area to the total coal production of the State decreased to only 14.7 percent of the total production from 1980 to 1982.
Clay County produced 31.1 percent of Indiana's total coal production from 1851 to 1900 but only 5.7 percent from 1901 to 1982. Sullivan and Vigo Counties have been major coal-producing counties, contributing 30.1 percent of the total State and 80.6 percent of the total study area coal production from 1812 to 1982. Coal production in Vigo County dramatically decreased from 1950 to 1979, whereas Sullivan County maintained the same relative level of production (table 7) . Owen County never has been a major coal-producing county; total production represents only 0.3 percent of Indiana's total coal production and only 0.8 percent of the total production of the study area.
Twenty-one surface mines produced coal in the study area in 1981 (table 8) . Clay and Sullivan Counties each had one mine that produced more than 1,000,000 short tons of coal. Each of the five mines in Owen County produced less than 25,000 short tons. Vigo County had no nrnes that produced more than 100,000 short tons. The lack of large mines is additional evidence that the importance of Vigo County as a coal-producing county has decreased. No underground mines produced coal in the study area in 1981.
Nearly every commercially valuable Indiana coal seam has been surface mined in the study area. Although production data are not available by coal seam, the relative amounts of coal produced by seam can be inferred from the mined acreage by seam. Using mined acreage as an indicator of production is an approximation because of differences in seam thickness and mining techniques.
By the late 1960's, 23,885 acres in the study area had been surface mined for coal (Powell, 1972, table 3, p. 12, 13) . More than 42 percent of the mined land war in Clay County, and only 5.6 percent was in Owen County. The Upper Block and Lower Block Coal Members of the Brazil Formation accounted for 31.1 percent of the mined land in the study area. The Springfield Coal Member (V) of the Petersburg Formation accounted for 19.9 percent; the Danville Coal Member (VII) of the Dugger Formation accounted for 16.9 percent; the Seelyville Coal Member (III) of the Staunton Formation accounted for 12.4 percent; the Hymera Coal Member (VI) of the Dugger Formation accounted for 11.1 percent; and the Survant Coal Member (IV) of the Linton Formation, the Minshall Coal Member of the Brazil Formation, and other coals constituted the remaining 8.6 percent of the land surface mined fcr coal in the study area.
As a result of surface coal mining, 50,340 ac~es in the study area were disturbed (affected by coal extraction and (or) deposition of mine spoil) from 1941 through 1980 (table 9) . Areas mined by surface methods are le~s extensive but more numerous than those mined by underground methods. Most surface-mined land in the stud)' area is located in eastern Sullivan and Vigo Counties, central Clay County, and along the southern part of the Clay and Owen County boundary (fig. 12 ). These areas correspond to outcrops of the major coal members ( fig. 3) .
Eighty-six percent of the land surface mined in Clay County was for the Upper Block, Lower Block, and Seelyville (III) Coal Members (Powell, 1972, 
DESCRIPTION OF STUDY WATERSHEDS
Six watersheds were selected for intense study ( fig.  1 ). Two watersheds are predominantly agricultural (Big Slough and Hooker Creek); two were surface mined and reclaimed according to the guidelines established under the 1967 Indiana Surface Mine Reclamation Act (an unnamed tributary to Honey Creek and an unnamed tributary to Sulphur Creek); one was partially mined and is a mixture of agricultural and unreclaimed mined land (Pond Creek); and the last study watershed was surface mined and unreclaimed (an unnamed tributary to Big Branch).
To reduce wordiness and repetition, the word "unnamed" has been dropped from the stream and watershed names. For example, the unnamed tributary to Honey Creek is hereafter referred to in the text as Honey Creek tributary. The name refers to either the stream or the watershed, depending on the context of use. References to the watersheds in the report refer to the drainage areas above the gaging stations.
A detailed description of the hydrologic instrumentation methods used to collect hydrologic data and tables of daily hydrologic data for all six watersheds are given in Renn and others (1985) .
Big Slough
Big Slough is located in west-central Clay County near the Vigo County border ( fig. 1) (fig. 13) . The drainage area of Big Slough at the gage is 1,731 acres (2.70 mi2 ).
Big Slough watershed is irregularly shaped ( fig. 13 ) and is located in the Wabash Lowland geomorphic unit ( fig.  6 ). The main channel of the stream is 14,300 ft in length and is relatively straight except for a 110° bend approximately 7,000 ft upstream of the gage. The drainage pattern is generally dendritic. Drainage from the uplands in the western half of the watershed is almost exclusively from a series of first-order tributaries and gullies. Upland areas in the eastern half of the watershed have less relief, and the drainage pattern is more developed. The narrow flood plain of the stream has a maximum width of abou" 750 ft. Total relief in the basin is 85 ft. The highest point in the watershed is a hill on the northeastern drainage divide that is 650 ft above NGVD of 1929. The elevation of the channel at the gage is 565 ft above NGVD of 1929. The average channel slope is 0.4 percent.
Illinoian and older tills, ranging in thickness from approximately 15 to 50 ft, cover the bedrock in the Big Slough watershed. The till is composed of clay and silt and smaller amounts of intermixed sand and gravel. Test drilling encountered no lenses of sand and gravel within the watershed. Well logs from the northern and eastern parts of the watershed indicate more sand and gravel in the till.
Underlying the till are rocks of the Linton Formation ( fig. 14) . These rocks dip to the southwest ?t about 25° to 30° and were eroded prior to glacial deposition, thus forming a valley in the bedrock beneath the present stream channel. The Linton Formation contains the oldest rocks in the Carbondale Group (fig. 4 ). Shale and sardstone are the Major soils in the Big Slough watershed are the Iva, and Hoosierville soils are on nearly level upland fats. Ava, Cory, Newark, Ava, Cincinnati, Muren, Pike, HoosierMuren, and Pike soils are on gently sloping to rroderately ville, and Hickory soil series (McCarter, 1982 'Hydrologic soil group is a relative classification based on the surface runoff generated by long-duration storms on bare, thoroughly wet soil, regardless of slope. Soils in group B have moderate infiltration and water-transmission rates. Soils in group C have slow infiltration and water-transmission rates. Soils in group D have very slow infiltration and water-transmission rates and a high runoff potential (McCarter, 1982, p. 65, 99, 100) .
'Soil commonly found in surface mines that have been reclaimed according to the Indiana Surface Mine Reclamation Act of 1967. This description does not include topsoil that has been replaced in compliance with regulations issued under authority of the Surface Mining Control and Reclamation Act of 1977.
3 Soil commonly found in unreclaimed surface mines.
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Hickory soils are on steeply sloping upland ridgetops and side slopes. Newark soils are on the flood plain. A summary of the characteristics of these soils is presented in table 10. Most of the land in the Big Slough watershed is used for row-crop agriculture, and corn and soybeans are the principal crops. About 18 percent of the basin is deciduous forest, primarily on the steeper valley walls. Less than 0.5 percent of the basin is covered by open water (primarily farm ponds).
Although no land in the Big Slough watershed has been mined for coal, adjacent areas to the north and south have been mined (fig. 13 ). Prior to 1954, the Survant Coal Member (IV) was surface mined in an area adjacent to the southwestern part of the watershed, and the Colchester Coal Member (Ilia) was mined by underground methods near the southeastern portion of the watershed (Hutchison, 1956 ). At present, the Seelyville Coal Member (III), the Colchester Coal Member (Ilia), and the Survant Coal Member (IV) are being surface mined less than 500 ft from the northern watershed divide.
Hooker Creek
Hooker Creek is located in southeastern Vigo and northeastern Sullivan Counties, just west of the Clay County line ( fig. 1) . The Hooker Creek watershed is predominantly agricultural. The stream flows south to its confluence with East Fork Busseron Creek near Hymera. A streamflow-gaging station having a natural control (03342110 Hooker Creek near Lewis) was installed at Sullivan County Road 1100 North, approximately 1.5 mi southwest of Lewis and 1.7 mi upstream from the confluence with East Fork Busseron Creek (fig. 15) . The drainage area of Hooker Creek at the gage is 1,740 acres (2.72 mi2).
The Hooker Creek watershed is rectangular in shape (approximately 1 mi wide and 3 mi long) ( fig. 15 ) and is located in the Wabash Lowland geomorphic unit ( fig. 6 ). The main channel of the stream is 16,800 ft in length. The basin has a modified dendritic drainage pattern and an unusually large number of first-order streams that flow directly into the main channel. The flood plain begins near the middle of the watershed and increases to about 600 ft in width near the outlet. The watershed is generally flat and has a total relief of 100 ft. The highest elevation in the watershed is 630 ft above NGVD of 1929 on the eastern drainage divide. The lowest elevation is the stream channel at the gage, 530 ft above NGVD of 1929. The average channel slope is 0.5 percent.
The Hooker Creek watershed lies in an area of till overlain by loess and underlain by Pennsylvanian rocks (fig. 16 ). The Illinoian and older tills are predominantly clay and silt with some sand and gravel and range in thickness from 10 to 60 ft. These deposits are overlain by as much as 5 ft of silty loess in parts of the watershed.
Unconsolidated materials along Hooker Creek were reworked to form alluvial deposits.
Consolidated rocks of the Dugger Formation underlie the till and average about 100 ft in thickness above the Springfield Coal Member (V). The bedrock surface forms a valley under and west of Hooker Creek. The structural dip of the bedrock is to the southwest at 25° to 30°. At Hooker Creek, the Dugger Formation is predominantly shrle with a continuous sandstone bed about 25 ft thick locatec1 near the base of the formation.
The Springfield Coal Member (V) marks the top of the Petersburg Formation (fig. 4) . This format'in, like others of Pennsylvanian age, consists of alternating beds of shale, sandstone, limestone, coal, and underclay.
Major soils in the Hooker Creek watershed are the Cory, Iva, Cincinnati, Hickory, Shoals, Stenial, and Muren soil series (Kelly, 1971; Montgomery, 1974) . Cory soils are on nearly level upland flats. Iva soils are on nearly level to gently sloping upland flats and ridgetops. Cincinnati, Hickory, and Muren soils are on moderately sloping upland ridgetops and side slopes. Shoals and Stendal soils are on the flood plain. A summary of the characteristics of these soils is presented in table 10.
The major land use in the Hooker Creek watershed is row-crop agriculture, and corn and soybeans are the principal crops. Approximately 16 percent of the watershed is deciduous forest. Forested areas are primarily rlong the stream and on the slopes near the main channel.
No land has been mined for coal in the Hooker Creek watershed.
Unnamed Tributary to Honey Creek
Honey Creek tributary is located in east-central Vigo County near the Clay County border ( fig. 1) . The stream drains a small part of a large reclaimed surface mine and flows south to its confluence with a final-cut lake that has no external drainage. A Parshall flume streamflow-gaging station (03341568 Unnamed tributary to Honey Creek near Cory) was installed 210 ft upstream of the final-cut lake, approximately 3.6 mi northwest of Cory ( fig. 17) . The drainage area of the watershed at the gage is 68.4 acres (0.11 mi2).
The Honey Creek tributary watershed is locafed in the Wabash Lowland geomorphic unit (fig. 6 ). The watershed has been graded to a rolling topography and has a circular shape ( fig. 17) . The watershed is divided into uoper and lower subbasins by a haul road constructed through the watershed. Movement of overland flow between the two subbasins is restricted by the road, which acts a" a dam. Runoff from the upper basin collects in a depression near the road and drains to the lower subbasin through a 10-in. Surface mining removed the glacial materials and rocks of the underlying Linton Formation to expose the Seelyville Coal Member (III) at the top of the Staunton Formation. After mining, the glacial materials arH rocks were backfilled and graded to the present land surface. Beneath the spoil is the Staunton Formation, the youngest rocks in the Raccoon Creek Group (fig. 4) to a gently rolling topography and is covered by a generally sparse growth of sweet clover, bush clover, and grasses. A road, dividing the watershed into two parts, covers slightly less than 2 percent of the watershed. A small impoundment in the northern half of the watershed covers 2 percent of the watershed. The Honey Creek tributary watershed and surrounding areas were surface mined for the Seelyville Coal Member (III), the Colchester Coal Member (Ilia), and the Survant Coal Member (IV) in the early 1970 's (Hasenmueller, 1981 . A dragline was used to remove the overburden, and mining progressed from the northeast to the southwest following the southwest dip of the coal members. As much as 100 ft of overburden and coal was removed, and the spoil was graded to a rolling topography. Three final-cut lakes are located south and southwest of the watershed.
Unnamed Tributary to Sulphur Creek
Sulphur Creek tributary is located in northeastern Sullivan County ( fig. 1) . The stream drains a small, reclaimed surface mine and flows north to its confluence with Sulphur Creek near Hymera. A broad-crested, V-notch weir streamflow-gaging station (03342167 Unnamed tributary to Sulphur Creek near Hymera) was installed 0.3 mi upstream from the confluence with Sulphur Creek at the outlet of a final-cut lake 1.6 mi southeast of Hymera ( fig.  19 ). The drainage area of the watershed at the gage is 135 acres (0.21 mi2). The surface area of the lake is 12.1 acres.
The Sulphur Creek tributary watershed is located in the Wabash Lowland geomorphic unit ( fig. 6 ). The watershed has irregularly shaped drainage divides typical of coal-mined land in Indiana ( fig. 19) . Most of the watershed has been graded to a gently rolling topography, and all of the drainage enters the final-cut lake at the northern end of the watershed. A drainage network is beginning to develop in the mined area, and a dendritic pattern is apparent from the gullies that have eroded in the soil. The main channel of the stream originates near several small surface-mine impoundments in unreclaimed spoil in the headwaters and flows through a narrow, unmined valley into two small impoundments before reaching the final-cut lake. The length of the main channel (including the length of the final-cut lake) is 3,630 ft. The distance between the inlet and the outlet of the final-cut lake is 1,490 ft. The average channel slope is 3.3 percent. Total relief in the watershed is 97 ft. A spoil ridge in the headwaters is the highest point in the basin (620 ft above NGVD of 1929). The lowest point is the elevation of the final-cut lake at the gage (approximately 523 ft above NGVD of 1929).
Unconsolidated material in the Sulphur Creek tributary watershed consists of 20 to 30 ft of till and as much as 60 ft of reclaimed or unreclaimed coal-mine spoil ( fig. 20) . Reclaimed and unreclaimed areas differ in that spoil in reclaimed areas was graded to a rolling topog-aphy and 6 to 12 in. of topsoil was spread over the spoil.
Surface mining has removed as much as 60 ft of the Dugger Formation in the northern part of the watershed to expose the Springfield Coal Member (V) at the top of the Petersburg Formation. In the southern part of the watershed. Coal V was not mined, and only the up^er part of the Dugger Formation was removed to mine the Hymera Coal Member (VI). Thick overburden and local thinning to the south prevented Coal V from being mined in the southern part of the watershed. Coal VI is not present in the northern part of the watershed. Fifty to 100 ft of Dugger Formation rocks underlies the spoil in the southern part of the watershed. These rocks are mostly shale, although some sandstone, limestone, coal, and underclay are present.
Beneath the Dugger Formation, the Petersburg Formation is locally composed of a gray shaly sandstone, 80 ft thick in some areas. This sandstone grades into a sandy shale in the northern part of the watershed. Below the sandstone, the Petersburg Formation may contain beds of shale, sandstone, limestone, coal, and underclay.
Fairpoint soils are predominant in the Sulphur Creek tributary watershed. Fairpoint FcB is north of Sullivan County Road 500 North in the reclaimed part of the watershed. Fairpoint FcG is the predominant soil in the upper end of the watershed south of the road ( fig. 19) . A small area of Hickory and Ava soils is located in and east of the narrow, unmined valley north of the headwaters (Kelly, 1971) . A summary of the characteristics of these soils is presented in table 10. Premining topsoil was stockpiled, and approximately 6 to 12 in. of topsoil was spread over the Fairpoint FcB soil in most of the reclaimed areas. Characteristics of the replaced topsoil are not known.
More than 94 percent of the Sulphur Creek tributary watershed has been surface mined for coal. Most of the mined area has been reclaimed to a gently rolling topography. The spoil is covered with a generally dense growth of sweet clover and bush clover. The headwaters were not graded and have the ridge-and-swale topography typical of unreclaimed surface mines. The headwater: are sparsely covered with short grasses and scattered trees and shrubs. This area is used primarily for pasture. A rural residence, farm buildings, and fields used for pasture occupy the unmined part of the watershed. A final-cut lake covers about 9 percent of the watershed. Four smaF surface-mine impoundments cover slightly more than 1 percent of the watershed.
Coal has been mined by both surface and underground methods at several different times in the Sulphur Creek tributary watershed. During the 1920's, the Danville Coal Member (VII) was mined by underground methods beneath the headwaters of the watershed (Wier, 1953 Topsoil was stockpiled in the west-central part of the basin when mining began. A dragline removed the overburden, and bulldozers loaded the coal. The half-mile-long pit was oriented north and south, and mining progressed west to east. Coal VI was mined in the southern part of the watershed, and Coal V was mined in the northern part. During and after mining, the spoil ridges were graded, and 6 to 12 in. of topsoil was replaced. Coal was mined last in the northern part of the watershed. The final cut was partially filled with spoil, and the remaining pit was allowed to fill with water. The maximum depth of the final-cut lake is approximately 30 ft.
Pond Creek
Pond Creek is located in southwestern Owen and southeastern Clay Counties ( fig. 1) . The Pond Creek watershed drains a mixture of agricultural and unreclaimed surface-mined land. Pond Creek flows south to its confluence with the Eel River. A stream-gaging station having a natural control (03360125 Pond Creek near Coal City) was installed at Clay County Road 108 East, 1.6 mi southwest of Coal City, approximately 2.8 mi upstream from the confluence with the Eel River ( fig. 21) . The drainage area of Pond Creek at the gage is 1,259 acres (1.97 mi2).
The Pond Creek watershed has a somewhat circular shape ( fig. 21 ) and is located at the eastern edge of the Wabash Lowland geomorphic unit ( fig. 6 ). Two main channels converge approximately 3,200 ft upstream from the gage. The channel draining the western part of the watershed is 11,700 ft long and has an average slope of 0.8 percent. The channel draining the eastern part of the watershed is 9,400 ft long and has an average slope of 1.2 percent. The drainage pattern prior to mining was dendritic. During mining, a number of the channels were straightened but left primarily in their original locations. Two final-cut lakes, having a total surface area of 10.1 acres and no external outlets, drain about 271 acres of unreclaimed mine spoil. Two different final-cut lakes, having a total surface area of 15.3 acres, and one manmade impoundment, having a surface area of 6.2 acres, do have external outlets and periodically contribute to surface runoff in Pond Creek.
Slopes range from 0 to 12 percent in agricultural areas and range from 0 to 90 percent in unreclaimed areas. The watershed has a total relief of 130 ft. The highest point in the watershed is 670 ft above NGVD of 1929 near a tipple (coal-loading facility) on the eastern drainage divide. The lowest point in the watershed is the channel at the gage (540 ft above NGVD of 1929).
Unconsolidated material in the Pond Creek watershed consists of glacial drift and coal-mine spoil. The drift is predominantly a sandy clay till ranging in thickness from about 10 to 25 ft and generally occupies the perimeter of the watershed ( fig. 21 ). The center of the watershed 1 as been mined, and the unreclaimed spoil is about 65 ft thick.
Consolidated rocks of the Brazil Formation form the bedrock beneath Pond Creek (fig. 22) Major soils in the Pond Creek watershed are the Fairpoint, Vigo, Ava, Cincinnati, Hickory, and Stendal soil series (Sanders and others, 1964; McCarter, 1982) . Fairpoint FcG soils have formed in unreclaimed spoil near the center of the watershed. Vigo and Ava soils are on the upland flats near the drainage divides. Cincinrati and Hickory soils are on ridgetops, side slopes, and swales. Stendal soils are on the unmined parts of the flood plain. A summary of the characteristics of these soils is presented in table 10.
Land use in the Pond Creek watershed is approximately 40 percent agricultural, 37 percent unreclaimed mine spoil, 19 percent forest, 3 percent open wate~, and 1 percent urban. Most agricultural land is on the broad uplands and is used for row-crop corn and soybeans. Forested areas are primarily along the stream channel. Surface-mined areas are in the center of the wafershed. Spoil banks are covered with pine trees, but much of the surface is bare or sparsely covered with vegetation.
Minshall, Upper Block, and Lower Block Cor1 Members underlie the Pond Creek watershed. Between 1953 and 1956 , the Upper Block Coal Member was surface mined in the northern part of the watershed. Prior to 1959, three small shaft mines were used to deep mine the Lower Block Coal Member 50 to 65 ft beneath the upland area that forms the eastern drainage divide (Kottlowski, 1959) . Prior to 1963, the Upper Block Coal Member was extensively surface mined from east to west in the center of the watershed. This mining created two large final-cuf lakes. After 1963, the Upper Block Coal Member was mined on the drainage divide in the southwestern part of the watershed. All of the surface mines are unreclaimed.
Unnamed Tributary to Big Branch
Big Branch tributary is located in northeastern Sullivan County ( fig. 1) The bedrock is the lower part of the Dugger Formation and consists of about 60 ft of shale, sandstone, and limestone ( fig. 24) . The Petersburg Formation underlies the Dugger Formation and consists of a thick (90-120 ft) sequence of sandstone and shale with some limestone and coal. Beneath the Petersburg Formation, the Survant Coal Member (IV), at the top of the Linton Formation, has been mined by underground methods.
Soil in the Big Branch tributary watershed is entirely Fairpoint FcG soil that has formed in unreclaimed spoil. A summary of the characteristics of this soil is presented in table 10.
The entire Big Branch tributary watershed has been surface mined for coal. The land is unreclaimed and is characterized by a ridge-and-swale topography. Pine trees and shrubs cover the spoil banks, but the surface of the spoil is essentially devoid of vegetation. Three lakes cover 13 percent of the watershed. The remaining 87 percent of the basin is unreclaimed mine spoil and long, narrow, waterfilled depressions.
Coal has been mined by both surface and underground methods in the Big Branch tributary watershed. From 1918 to 1945, the Survant Coal Member (IV) was deep mined 211 ft beneath the watershed (Wier, 1953) . Between 1943 and 1953 , the Hymera Coal Member (VI) was surface mined throughout the watershed (Wier, 1953) . Prior to 1953, and most likely concurrent with the mining of Coal VI, the Danville Coal Member (VII) was surface mined in the western half of the watershed. Spoil from the surface mines is unreclaimed. The Springfield Coal Member (V) is present in the watershed but has not been mined.
SUMMARY
This report describes the physical and human environment and coal-mining history of west-central Indiana, with emphasis on six small watersheds selected for study of the hydrologic effects of surface coal mining. The report summarizes information on the geology, geomorphology, soils, climate, hydrology, water use, population, and coalmining history of Clay, Owen, Sullivan, and Vigc Counties in Indiana. Site-specific information is given on the morphology, geology, soils, land use, coal-mining history, and hydrologic instrumentation of the six small watersheds.
West-central Indiana is underlain by Pennsylvanian rocks composed of cyclic sequences of shale, siltstone, and sandstone and smaller amounts of coal, underclay, limestone, and black shale. Nearly all of the area has been glaciated at least once and is characterized by wide flood plains and broad, flat uplands. Most of the soilf in westcentral Indiana have formed in loess or in loess overlying Illinoian till. Permeability and available water capacity are variable, and a fragipan or layer of firm subsoil is common.
The Wabash, White, and Eel Rivers are the major drainages in west-central Indiana. Mean monthly flows typically are greatest in March through May wh^n spring rains occur. Peak flows typically are greatest in July as a result of thunderstorms. Average annual precipitation is about 39.5 in., and average annual runoff is about 13 in. The most productive aquifers are confined or unconfined outwash aquifers located along the major rivers. Bedrock aquifers are regionally insignificant but are the sc^e source of ground water for areas that lack outwash, alluvium, or sand and gravel lenses in till.
Underground and surface methods have been used to mine coal in west-central Indiana. Currently, the area surface-mining method is used almost exclusive!)'. Indiana has more than 17 billion short tons of recoverable coal reserves; about 11 percent can be mined by surface methods. Almost half of Indiana's surface reserves are in Clay, Owen, Sullivan, and Vigo Counties. More than 50,000 acres in west-central Indiana have been disturbed t y surface coal mining from 1941 through 1980.
Big Slough and Hooker Creek are streams that drain unmined, agricultural watersheds. The drainage area of Big Slough at the gage is 2.70 mi2 , and the drainag 0 area of Hooker Creek at the gage is 2.72 mi2 . Row-crop corn and soybeans are the principal crops. Soils are moderately well-drained silt loams, and the watersheds have welldeveloped dendritic drainage systems.
The unnamed tributary to Honey Creek and the unnamed tributary to Sulphur Creek are streams that drain mined and reclaimed watersheds. The drainage area of Honey Creek tributary at the gage is 0.11 mi2 , and the drainage area of Sulphur Creek tributary at the gage is 0.21 mi2 . Ridges of mine spoil have been graded to a gently rolling topography. Soils are well drained and consist of 6 to 12 in. of silt-loam topsoil that was stockpiled and then replaced over shale and sandstone fragments of tH graded mine spoil. Sulphur Creek tributary is beginning to develop an incised drainage system, but Honey Creek tributary is not. Grasses and legumes form the vegetative cover in each watershed. Vegetation is generally sparse in Hon^y Creek tributary and generally dense in Sulphur Creek tributary. 
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